Control algorithms based on fuzzy logic have been implemented in many processes [8, 9] . The application of such control techniques has been motivated by the desire for one or more of the following:
(1) improved robustness over that obtained using conventional linear control algorithms. (2) simplified control design for difficult to model systems.
e.g., the truck backer-upper problem [10] , and (3) simplified implementation.
In power systems, several controllers have been developed for PSS. One such controller [8] for a small hdyro unit has been undergoing field test in Japan. Other systems have been developed for voltage regulators [11] and the control of FACTS devices [12] . Most of these designs have been tuned to a specific system. Unfortunately, such numerical solutions generally require a large computational effort.
In this paper, a general design and analysis methodology is proposed. The proposed method also ptirsues small signal stability analysis which provides the opportunity to design a system with adjustable controller parameters to obtain suitable root location [13] .
Although fuzzy logic methods have both a well-founded theoretical basis and numerous successful implementations, controversy has surrounded the developed systems. This is due in part to the lack of satisfying performance measures. Recently, there have been efforts directed at appropriate stability measures for fuzzy logic controllers [10, 13] 
The first term in (2) is a reset term that 1s used to "wash out" the compensation effect after a time lag T. The use of reset control will assure no permanent offset in the terminal voltage due to a prolonged error in frequency, which may \ --[ The second term of (2) is a lead compensator to account for the phase lag through the electrical system [14] .
In many practical cases. the phase lead required is greater than that obtainable from a single lead network. In this case. cascaded lead stages are used where k is the number of lead stages.
Fuzzy stabilizer
The development of the fuzzy logic approach here is limited to the controller structure and design. More detailed discussions on tizzy logic controllers are widely available, e.g., [9, 12] . For the proposed FPSS. the second term of (2) is replaced with a fuzzy logic rule-base using the filtered speed deviation and acceleration of the machine.
That is. Similarly. a specific control signal may represent the contribution of more than one rule. Rule conditions are joined by using the minimum intersection operator so that the resulting membership fimction for a rule is:
UR, (e, e) = min(h(e)> !-h,(e)) ( 3)
The suggested control output from rule I is the center of the membership function C,. Rules are then combined using the center of gravity method to determme a normalized control output U As an objective of the fuzzy controller is to manage a wide range of operating conditions and modelling uncertainties, the simulation in step 3 for method 1 may need to be repeated under a set of parameter variations.
The controller is adaptive in the sense of the varying of these gains but not in terms of varying the control rules. Further discussion on these design steps can be found in [16] . A single machine connected to an intlnite bus. adapted from [17] , was used in the design phase and then this controller was used for studies of a multi-machine system. adapted from [18].
Single machine
The single machine connected to an infhite bus shown in Fig. 7 ).
Multimacbine
A system with two machines connected to an infknite bus is shown in Fig. 5 Generator parameters are the same as in the single machine case. One scenario is presented here: (Fig. 8) .
Plots show response for systems with the PSS and the FPSS design.
Discussion
In all cases, the FPSS shows superior or similar response to the traditional controller. For smaller disturbances. the improved damping is not as noticeable. For the more severe disturbances, the FPSS controller has significantly better performance. The multi-machine simulations demonstrates the controller robustness in that the controller remains effective despite significant changes in the system dynamics.
PERFORMANCE ANALYSIS

Small signal stability
For small disturbances, stability can be characterized by the system linearized about the operating point. If the elgenvalues of this system lie in the left hand plane, the system is small disturbance stable. In this study. the delay caused by computation is neglected so that the tizzy logic controller can be modeled as a zero memory non-linearity. This is a reasonable assumption as the rotor oscillations of interest are orders of magnitude slower than the time required for the FPSS computations.
The FPSS does not introduce new poles but acts to shift the eigen values of the uncompensated system. 
